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Ie INTRODUCTION 


The purpose of the present investigation is to study the 
production of the enzyme hyaluronidase by the staphylococcus, 
and to demonstrate a method whereby a partial purification of 


this enzyme may be effected. The activity of the enzyme is 


measured by a turbidimetric method. 


(II. BODY OF THE THESIS 


1. History and Current Investigation of Hyaluronidase 


The enzyme now known as hyaluronidase was first described 


| by Duran-Reynals in 1928. (15) (75)- He found that vaccinial 


infection in shaved rabbit skin is extraordinarily enhanced 


| Duran-Reynals later found what we now term spreading factors 


| venoms. (18). Work of a similar nature was done by McClean. 


(46) (47). 


by the simultaneous injection of testicular extract. 


in invasive bacteria, (17) in poisonous insects and in snake 


In 1934 the work of Carl Meyer and his associates revealed 
the true nature of material previously classified as 
"“mucoprotein" or "glycoprotein." These workers discovered in 
the vitreous humor a nitrogen-containing polysaccharide which 
they termed Hyaluronic acid - hyaloid (vitreous) +* uronic 


acide (55)- Later similar polysaccharides were found in 


umbilical cord, (56) in synovial fluid (59) and in many other 
parts of the animal body-e Hyaluronic acid itself is considered. 


as consisting of entangled chains, each of which consists of 


~~ es 


disaccharide units, many times repeated, the disaccharide being 

_formed of 2-acetylamino-glucose and pinearenie acid. The 

> | characterizing property of the product is its viscosity, 
| although this property varies with the source and preparation. 

_Meyer and his group obtained from pneumococci an enzyme which 
was capable of hydrolyzing three polysaccharide acids of | 
apparently identical structure, obtained from vitreous humor, 
umbilical cord and Group A streptococci. (58) 


In 1939, Chain and Duthie suggested that "spreading 


factors" were hyaluronidases.- (6). They termed the enzyme 


"“mucinases" and showed that their preparations would, 


successively, abolish the power of hyaluronic acid to coagulate 
with protein in acid solution, reduce the viscosity of 
hyaluronic gels and solutions, and eventually set free N-acetyl 
glucosamine indieating complete hydrolysis. 


Hyaluronidase inhibition has been investigated. 


| Duran-Reynals showed that the spreading factor disappeared from 


| the blood after intravenous injection. (17). Hobby and co- 


workers found that normal human and rabbit sera inhibited the 
| action of hyaluronidase prepared from cl. perfringens and 
certain streptococcal strains. (33). McClean found that 
_hyaluronidases prepared from bull, rabbit and mouse testes were 
inhibited by guinea pig, rabbit, sheep, horse, mouse and human 


| serum; also that heparin, chondroitin sulphate and gastric 


| mucin had an inhibitory actione He did not consider the 


inhibitor in blood indentical with any one of these substances, 


since its chemical behavior indicated that it was a pseudo- 
globulin. (50)- The defense mechanism of the body against the 
action of hyaluronidase was first described in a series of 
papers by Haas. (26) (27) (28). From his data on reaction 
rates and effects of temperature changes he concluded that 
hyaluronidase is inhibited in vivo by an antienzyme which he 
termed antinvasin Ie He described a complex system consisting 
of at least two different antinvasins and proinvasin. Recently | 
it has been suggested (10) that this work was done with crude 
hyaluronidases and no account was taken of the possible effects 
of contaminating enzymes. Hadidian (30) believes that Haas! 
concept of hyaluronidase inhibition by an enzyme is untenable 
Since the hyaluronidase acitivity which is initially lost on 
incubation with serum is recovered by prolonging the incubation 
without altering the experimental conditions. He also found 
that the inhibitor was a protein and suggests that it may be 
conjugated with an oligosaccharide. Dorfman et al (10) have 
devised a method for the estimation of the inhibitor in human | 
bloods He (11) points out that since hyaluronidase inhibition | 
can be shown in a variety of species irrespective of previous 
exposure to hyaluronidase the inhibitor is not an antibody in 
the usual sense. | 
The role of hyaluronidase in effecting fertilization was 
first shown by McClean and Rowlands, (51) who discovered that 
hyaluronidase present in semen dissolves the cementing 


material which connects the cumulus cells surrounding the tubal 


re = ee ————— Si-D=- ~ eens: — ——s - —_- ee ee 


ova of the rate This allows the spermatazoa to effect fertiliza- 


tion. A similar observation was published almost simultane- 
ously by Fekete and Duran-Reynals. (20)- These workers found 
that crude or highly purified preparations known to be very 
rich in hyaluronidase, such as extracts from rattlesnake 

venom, leech tissues and testicle have a very pronounced 

effect in dispersing the follicular cells surrounding the ova 
of micee Later work by Rowlands (70) showed relationship 
between intromission of such a large number of sperm and the 
establishment of the requisite concentration of the enzyme in 
effecting fertilization. He found that in rabbits 1x 10® 

or more sperm are required for maximum fertilization; only 

a small number of eggs are fertilized when the inseminate 
contains 2 x 10° sperm; 1 x 10° sperm are probably incapable 

of causing fertilization. The addition of a sperm-free 
hyaluronidase filtrate to a semen sample containing too few 
sperm to effect fertilization resulted in 4 out of 5 success- 
ful fertilizations. Werthessen et al (78) and Bergenstal 
and Scott (3) have shown that human sperm counts are roughly 
proportional to the seminal hyaluronidase levels. Clinical | 
application of these observations has recently been shown by 
Kurzrok (40) who studied a series of 315 cases treated for 
human infertility. Alternate patients were treated by 
instillation of the enzyme into the cervical canal on the | 
calculated date of ovulation, irrespective of the hyaluronidase 


content of the mate's semene Results are as follows: 
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Total cases - 315 


Total Conceptions - 59 (18.8%) 
A- Treated with hyaluronidase - 158 cases 
Conceptions - 42 (26%) 
Be No hyaluronidase applied - 157 cases 
Conceptions - 17 (11%) 
Kurzrok contends that in the treatment of human infertility by 


any method or combination of methods, to obtain as high as 15% 


| of conceptions is considered goods Chambers and Zweifach (7) 


have found that an extract of sea urchin sperm caused great 


swelling and softening of the jelly coat of sea urchin eggs. 


The extract did not effect the intercellular cement which holds 


_ together the blastomeres of the developing egg, thus presumably 


| precluding the possibility of producing a monster. The 


| the sea urchin egg. ! 


| hyaluronic acid - hyaluronidase system in bacteria and its 


specificity of the hyaluronidase is indicated by the fact that 


an extract from bull sperm had no effect on the jelly coat of | 


Various investigators have been interested in the 


relation to invasion and virulence. Kendall and co-workers (38) 


demonstrated hyaluronic acid in the culture media of three types 


of Group A hemolytic streptococci in the mucoid phase and 


| Seastone (73) isolated hyaluronic acid from Group C hemolytic 


streptococci in the mucoid phase. McClean (54) demonstrated 


that capsules and hyaluronidase cannot co-exist in the same 


Group A or C strain of streptococcie He also showed that 94% 
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of strains from moderate or severe streptococcal infections in 


man have been found to produce the mucoid polysaccharide in 

| greater or less amountse Ina group of streptococci from 

| normal throats only about 8% produced hyaluronic acid, all of 

| the producers falling into Lancefield's Group A- Recent work 

jon this subject has been done by Sallman and Birkeland. (71). 

‘These investigators found that pyalnonidoserpredue ints strains 


lof Group A.streptococcus were more virulent for the chick | 


embryo than were non producing strainse They studied the 


utilization of hyaluroni¢é acid and its hydrolytic products in 


‘aerobic respiration by three strains of Group A hemolytic 


\streptococei: 


Griffith type 2 Producers of hyaluronidase only 
when hyaluronic acid added to 

Griffith type 9 media; low virulence for chick 
embryOe 


Griffith type 10 High hyaluronidase producer; 
highly virulent for chick embryo. 


|All three strains could use hyaluronic acid for respiration, 
‘types 2 and 9 producing a 3 to 4-fold increase in oxygen uptake 


in its presence, as compared with a 12-fold increase for type 


10. Type 10 was used to prove their hypothesis that the 
products of hydrolysis rather the substrate were being | 
utilized in respiration. Their results showed that glucuronic 


S acid stimulated oxygen uptake only slightly while N-acetyl | 


glucosamine gave a maximum 18-fold increase; glucosamine itself | 
was subsequently found to stimulate oxygen uptake even more 


than the N-acetyl derivative. On the basis of this work 
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Sallman and Birkeland suggest the following explanation of the 


manner in which hyaluronidase fuctions in streptococcal 


| virulence: 


| studied by McClean (48). 


"Production of hyaluronidase by virulent 
strains makes available to them for energy pruposes 
some of the large amount of hyaluronic acid normally 
present in the host. In addition since glucosamine 
is readily utilized by a large number of organisms, 
this function of hyaluronidase may well explain the 
numerous observations that other disease-producing 
agents are frequently found in association with 
hemolytic streptococci." 


| an inhibitor exhibiting a specific effect against Group A 


streptococcal hyaluronidase; also that in the majority of 50 
cases of scarlet fever, the titre of this inhibitor increased. 
The hyaluronic acid-hyaluronidase system in clostridia has been 
This author found that hyaluronidase 


is produced by organisms of the gas gangrene group and that the 


| inclusion of potassium hyaluronate in the culture medium of 


el. perfringens resulted in an increased production of the 


enzyme by the organism. (49). From this fact he postulated 
that the presence of hyaluronic acid in vivo increased enzyme 
production, setting up a vicious circle which promotes rapid 
extension of the infection. Duran-Reynals (17) correlated 
invasiveness of strains of staphylococci and streptococci with 
the yield of diffusing factor. 

Guerra, (24) (25) basing his observations on the work of 
Meyer and Palmer on hyaluronic acid, (57) first pointed out a 


possible relationship of hyaluronidase to rheumatic fever. He 


Frious (21) has shown that pooled human gamma globulin contains | 
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observed that this is a disease of the mesenchyme, character- 


ized by its invasiveness, and that the principal regions 


| effected, such as articulations and synovial fluid, are largely 
composed of hyaluronic acide He found that in people who had 
acute rheumatic fever or who gave histories of an attack, 
intracutaneous injections of hyaluronidase with Evans blue ave | 


large and abnormal diffusion of the dye and enormous local 


areas of edemae Salicylates in these cases inhibited the 


enzyme and reduced its specific effect in connective tissues. 


He also found that sodium salicylate caused a reduction in the 


skin diffusion effect of hyaluronidase in rabbits, and con- 
| cluded that the anti-rheumatic action of salicylates could be 
| explained by their enzyme-inhibiting action. Subsequent work 


by Swyer (76) has shown that in vitro sodium salicylate and 


acetyl salicylate effect the viscosity-reducing action of 
hyaluronidase only in relatively enormous concentrations. This — 
author suggests that the hyaluronidase preparation used by 
Guerra might have been contaminated with histamine or a histamine- 


like substance and that the inhibitory effect demonstrated may 


have been due to the anti-histamine property of these drugs. 


This view is in accord with the work of Hechter (32) who showed 
that extent of spreading in the skin by hyaluronidase is greater 
when capillary permeability is not increased. Dorfman et al 


9 (9) have found that sodium salicylate inhibits the specific 


effect of hyaluronidase in vivo. Hyaluronidase derived from 


cl. perfringens and from bull testis is also inhibited by 
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sodium salicylate in vitro, but the concentration required for 


in vitro inhibition is considerably larger than that obtained 


in vivo. In this connection it is interesting to note that 


it has been shown by various workers (1) (34) (2) (4) that 
sodium salicylate at high concentrations causes a reversible 
denaturation of certain biologically active proteins. Exper- 
iments by Pike (64), also by Lowenthall and Gagnon (42), using 
relatively low concentrations of sodium salicylate failed to 
show any inhibitory effect in vitro. The latter workers found 


gentisic acid (2, 5 dihydroxybenzoic acid) also inactive, but 


showed that its quinone, carboxy-p-benzoquinone, was inhibitory 


at a relatively low concentration. Ragan and Meyer (65) report | 


that gentisic acid has been found to possess antirheumatic 
properties in human beings, whereas Dorfman (12) claims that 
pure gentisic acid shows no inhibition in vitro- Guerra has 
continued to investigate the inhibition of the spreading effect 
in the skin (22) (23) and apparently maintains his original 
conclusionse From the ere statements it is evident that 
the present concept of the role of hyaluronidase in rheumatic 
diseases and its relationship to salicylates and their possible 
metabolites is somewhat confused. 

Duran-Reynals and Stewart (16) first investigated tumor 
tissue as a possible source of hyaluronidase. They found that 
aqueous or Ringer's solution extracts of 28 human epithelial 
tumors enhanced vaccine virus infections in 11 cases, 


inhibited it in 10 and had no effect in 7. Their extracts of 


13 human sarcomata showed no enhancement of spreading and in 10 


| of the cases, definite inhibition. A small series of similar 


extracts from transplantable animal epitheliomata and sarcomata) 
gave comparable results. Boyland and McClean (5) investigated 


the spreading factor content of a large number of animal tumors 


| ranging from benign tumors to invasive neoplasms. They con- 


cluded that the spreading factor content paralleled the 


malignancy of these tumors. Coman, McCutcheom and Zeidman (8) 


| used a highly malignant mouse sarcoma and the potentially 


malignant Shope rabbit papilloma to show whether hyaluronidase | 


| could enhance invasiveness. They found that it did not promote. 


local invasiveness or metastasise In contrast, Simpson and 
Gopal-ayengar (74) reported that the local injection of 
testicular hyaluronidase caused a notable increase in the 
growth and invasion of a transplantable mouse squamous cell 
carcinoma. 

Recent clincial applications of hyaluronidase are varied. 
It has been used in nerve blocks, to enhance the spread of 
procaine. (39). WNarins et al (63) have studied the effect of 
hyaluronidase on urinary calculi. Five of 8 urinary calculi 
immersed for one hour in hyaluronidase solutions showed con- 
siderable fragmentation; none of their saline controls did. 
Meyer (61) reports on an investigator who found that the in- 


jection of approximately 100 turbidimetric reducing units of 


purified testicular hyaluronidase into a rabbits eye appeared 


to liquefy the vitreous humor, and speculates that the cause of 
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| simple glaucoma may well be explained by inhibition of 


‘hyaluronidase in the eye. 


| of animals, using as an indicator a substance such as India 


link. (43) (35). 


| of the clot is reduced and the character of the precipitate 


2e Quantitative Assay of Hyaluronidase 


Hyaluronidase may be assayed by various methods: 


(1) Measurement of the "spreading effect" in the skin 


(2) Mucin Clot Prevention Method. (66) (52). 
This method is based on the observation that native 
hyaluronic acid and acidified protein form a typical fibrous 


"mucin" clot. After incubation with hyaluronidase the quantity 


changes, depending on the amount of enzyme used-e The error of 
this test has been estimated as © 25 per cent. (53). 
(3) Groups A and C streptococcus Decapsulation Method (50) 
Here the substrate is the capsule of the organism 
and the amount of enzyme necessary to effect decapsulation is | 
calculated. The objection to this method is that these organ- 
isms sometimes lose their capsules under various conditions, 
without the addition of enzyme. (61). 
(4) Viscosity Reducing Method. (44) 
By this method the time required for the hyaluronic 
acid to reach half viscosity is found to be inversely pro- 
portional. to the concentration of hyaluronidase present. 


This method is accurate and has been used widely. It is, 


however, tedious and time-consuming and requires large amounts 
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of hyaluronic acide One unit is defined as the amount of 
enzyme required to reach half viscosity in 50 minutes. 

(5) Measurement of increase in reducing sugar, or by the 
increase in liberated N-acetyl glucosamine. 

This requires that pure hyaluronate of known 
hexosamine and uronic acid content be usede In using this 
method Hahn (31) found that highly purified hyaluronidase does 
not bring about the complete hydrolysis of hyaluronic acid. 


He believes that contaminating enzymes in the crude preparation 


bring about the release of glucuronic acid and N-acetyl | 
glucosaminee Humphrey (36) confirmed the discrepancy between 
reducing and N-acetyl glucosamine values on hydrolysis of 
hyaluronate, using an excess of each of 4 different enzyme | 
preparationse The work of Rogers (69) has clarified this 
matter. This worker used a staphylococcal and streptococcal 
strain to compare the influence of pH on: 

(a) The viscosity-reducing activity. 

(b) The amount of reducing sugar liberated. 

The results of this work are shown in the graphs on 


Page 13. 
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Influence of pH on Influence of pH upon Amount 

Viscosity-Reducing of Reducing Sugar Liberated 

Activity of Hyaluronidase from Potassium Hyaluronate | 

from Strains of Strep. by Hyaluronidase upon 

and Staph. Strains of Strep. and 
Staph. 


Rogers states that the double optimum obtained with the 
streptococcal enzyme suggests that more than one enzyme is 
involved in the liberation of reducing sugar. It may be 
significant that one of these optima agrees with the optimum 
at pH 5-7 obtained by viscosity reduction. The difference 
between the optima for the staphylococcal preparation is a 
whole pH unit, suggesting the existence of more than one 
staphylococcal hyaluronidase. 

(6) Turbidity Reducing Method 
Seastone (73) showed that the addition of 
hyaluronic acid to acidified protein at controlled pH and 
jonic strength will result in a turbidity which is propor- 


tional to the amount of hyaluronic acid presente Kass and 


Seastone (37) later showed that after incubation with 
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| unpublished turbidimetric method made available by the Schering 


hyalurondiase, under specified conditions, no turbidity diva vass| 
on addition of acidified serum to the hyaluronic acid. This is» 
the principle upon which the quantitative turbidimetric method 

is basede Meyers (62) points out that this method is apparently 
based on the hydrolysis of the N-eacetyl-glucosaminidic nee. | 


Various modifications of this method have been used by 


other workers, (41)(61)(13)(77). In the present study an 


Corporation was used. 
The turbidimetric method may be applied to the estimation 
of hyaluronidase in 2 ways: 

(1) By determination of the rate at which hyaluronic 
acid is hydrolyzed. This method was used by Dorfman (14) to 
study the kinetics of the reactione By taking into account 
changing substrate concentrations he concludes that this is a 
first order reaction under the conditions studied. 

(2) By determination of the amount of hyaluronic acid 
which remains after some specified time. 

The Schering Method falls into Group (2). 
A paper by Dorfman and Ott (13) emphasizes that in the 
turbidity method certain factors effect hyaluronidase activity: 

(1) pH - activity drops more rapidly on the alkaline 

side of the maximum than on the acid side. 


(2) ionic strength - increasing ionic strength causes 


a decrease in the activity of the enzyme. 


McClean and Hale (49) as well as Hadidian and Pirie (29) 


believe that the chloride ion is an important activating agent. 


These two groups of workers used the viscosity reducing test. 
Hadidian and Pirie studied the effects of several salts on the 
rate of viscosity reduction, keeping pH as constant as was 
possible with low salt concentration. They concluded 3 groups 
are distinguishable: 


(a) Caclh and Mgclo - effective in very low concen- 
trations. 


(b) Nacl, Kel and NHgcl - just as effective but in 
higher concentrations. 


(c) NagS04 and NagHPO4 - relatively ineffective. 
Sodium acetate is intermediate between chloride and phosphate. 
These workers obtained the optimal concentration for each ion 
at a given pH- Dorfman and Ott (13) point out the factors in- 
fluencing turbidity development: 
(1) pH “ turbidity development is maximum at pH 3.8 


(2) tonic strength - increasing salt concentration causes 
a marked drop in turbidity. 


The details of the Schering method, with minor modifica- 
tions, follow. This procedure was used in all quantitative 
determinations made in the present investigation. All pH 


determinations were made by the glass electrode. 


1. Preparation of Solutions 
(a) Buffer Solutions 
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0-1 acetate - pH 6-0 - in 0-15 M Nacl 

0-5 acetate - pH 4-2 
(b) Potassium Hyaluronate 

Preparation is dissolved in 0-1 M acetate-sodium 
chloride buffer, pH 6-0 so that concentration in assay 


will give a transmission of 50 t 5 per cent at a wave 


length of 600MA. 

A standard curve to show turbidity development 
between hyaluronate and acidified protein showed that a 
concentration of 0.2 mg/ml buffer gives transmission of 
47 per cent.e Dilutions of substrate ranging from -.06 
mg/ml to 0.2 mg/ml showed absorbance proportional to 
concentration of substrate. Therefore the concentration 
of 0.2 mg hyaluronate per m1 of buffer was used. As 
the solution ages, the turbidity obtained appears to 
decrease slightly. The solution is kept in the cold 
and discarded after 3 weeks. Potassium hyaluronates 
supplied by the Schering Corporation and by the Wyeth 
Institute were used. 

(c) Hyaluronidase 
Specimen to be assayed is dissolved at room 
, temperature in pH 6-0 acetate-sodium chloride buffer. 
Concentration is chosen so that 1 ml contains approxi- 
mately 5 units. Enzyme solution is used immediately 
after being made. 


(d) Acidified Protein Solution 
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Horse serum is diluted 1 to 10 with 0.5 M acetate 
buffer, pH 4-2. pH is adjusted to 3.10 with 4 N 
hydrochloric acid. This solution is placed in tubes 

| which are immersed in a boiling-water bath for 30 
minutese The solution is cooled and filtered. It can 
be kept in cold for at least two weeks. 


ee Incubation of Enzyme and Substrate 


Coleman tubes are set up for each assay as shown: 


m 
pH 6-0 Ac-Cl 
Buffer 


| Tube No- |Substrate Enzyme Solution 
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| Se Development of Turbidities 


| 4.2, followed by 1 ml of acidified serum. The contents are 


| mixed thoroughly. After 5 minutes the turbidities are read in 


4. Method of Calculation 


Solutions are mixed and tubes are immersed in a constant 


temperature water bath at 37.5C for 30 minutes. To inactivate 
the enzyme the tubes are immersed in 60C water bath for 10 
minutes. They are cooled to room temperature. No more that 3 


enzyme fractions and the blanks are assayed simultaneously. 


To each tube are added 3 ml of 0-5 M acetate buffer, pH 


the Coleman Junior Spectrophotometer at wave length of 60ST A. 
The instrument is set to give 100 per cent transmittance with | 


tube #8. 


Turbidity readings (in terms of absorbance) are plotted 
against concentration of enzyme. This should give a straight 
linee Enzyme concentration corresponding to turbidity of lower 
blank is read from graph. This indicates the amount of enzyme I 


containing one turbidity reducing unit. 


Kass and Seastone (37) arbitrarily defined one turbidity 
reducing unit (TRU) as that amount of enzyme which in 30 
minutes will reduce the turbidity produced by 0-2 mg of 
hyaluronic acid to the equivalent of the turbidity produced by 


O-l mge It appears that the unit of the Schering Method is 


based on this definition. 
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diazobenzenesulphonic acid coupled with horse serum would reduce 


A search of the literature for references concerning non- 
enzymatic factors which might depolymerize hyaluronate shows 


that the culture media contain nothing likely to cause false 


results. Favilli (19) found that an azoprotein prepared from 


the viscosity of synovial fluid. The rate differs from that of | 


hyaluronidase and pH has very little effect on the reaction. 
Madinaveitia and Quibell (45) found that ascorbic acid and 
certain diazo compounds could cause a fall in the viscosity of 


hyaluronic acid, but that the reaction is independent of pH. 


Robertson et al (67) found that ascorbic acid in the presence 
of Ho702 brings about a degradation of synovial mucin; but this 
is not accompanied by the liberation of reducing sugar. 

As a precaution a few "blanks" of sterile media were run 
for possible turbidity reduction. None showed any reduction. 


A representative assay is shown on pages 20-21. 
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Calculation: 
From graph: 0.3502 ml diluted filtrate contains 1 TRU 


e e 1 ml diluted filtrate contains 3-3 TRU 
ee ) Dilution factor - 15 


« ec 1 ml filtrate contains 50 TRU 


oe Production of Hyaluronidase by the Staphylococcus 

A modified tryptic digest pH 7-6 was selected as the culture 
medium for the following reasons: 
| (1) Ithas been established by Rogers (68) that 
optimal formation of hyaluronidase occurs only in well buffered 
media. | 


(2) Previous studies of staphyloccic coagulase pro- 


duction, made at Boston University School of Medicine have 


| shown that this medium is highly satisfactory for the growth | 
| of the staphylococcus. 


Four strains of S- aureus were assayed quantitatively for 


hyaluronidase production: 
L-isolated 4-46 from a mastoid infection, known to | 
be hemolytic and to produce coagulase in large 
amounts. 
Lewis-isolated @-48 from a furuncle; known to be 
hemolytic and to produce coagulase in moderate 


> amounts. . 


209-Department of Agriculture stock culture used for 


testing disinfectants; known to be non-hemolytic 


and a non-producer of coagulase. 


78-Massachusetts Department of Public Health strain, 
isolated as a cause of food poisoning; known to be 
hemolytic and to produce coagulase in small amounts. 
0-1 ml portions of 18 hour broth subcultures from stock slants, 
were inoculated into 100 ml portions of tryptic digest broth 
and the latter incubated for one week at 57C. The cultures 
were centrifuged at high speed at 8C for 45 minutes and the 
supernatant passed through a Mandler #6 filter. The filtrate 
wasassayed by a turbidimetric method, the details of which 
appear under Quantitative Assay of Hyaluronidase.e Results were 
as follows: 
L-Hyaluronidase present, the best preparation con- 
taining 137 TRU per ml. 
Lewis-No hyaluronidase present. 
209-No hyaluronidase present. 
78-Hyaluronidase present, the only 100 ml portion of 


filtrate assayed showing 40 TRU per ml. 


Eleven other strains of S- aureus recently isolated from 
hospital cases, but whose histories were unavailable, were 


assayed qualitatively by the following procedure: 


5 ml portions of broth were inoculated from blood agar 
plate cultures of each strain,and incubated at 357C. The broth 
supernatant was tested after 24 hours and again after 48 hours 


if the 24 hour culture contained no enzyme. 0-5 ml portions 


i Se ee 


of the supernatant undiluted, diluted 1-5, and diluted 1-10 
with pH 6-0 acetate-choride buffer were added to 0-5 ml of 
potassium hyaluronate solution. Subsequent incubation and 
turbidity development followed the usual giant dative me thod. 
The degree of turbidity reduction of each dilution was piverdo’ 
as’ 

5 plus - No turbidity present 

2 plus - Very slight turbidity present 

1 plus - Moderate turbidity present 

0 Veni arty present equal to that of the 
usual tube #1- (See under Quantitative 


Assay of Hyaluronidase. ) 
Of the 11 strains tested: 


8 produced no hyaluronidase in 48 hours. 
3 produced hyaluronidase in 24 hours. 
The Fesults are tabulated below: 
Supernatant 1-5 Dilution of 1-10 Dilution of 
Strain Undiluted Supernatant Supernatant 
Ee and Ee 4 5 plus 5 plus 1 plus 
a 3 plus 2 plus 6) 


Ee and Ee 11 2 plus 1 plus 6) 


Strains 4 and 2 were inoculated into 100 ml portions of 


the medium and incubated at 37C for one week. Their growth was 


a 4) 


so 


like that of the L strain, to be described subsequently. 
Cunliffe et al (72) studied over 800 strains of 
staphylococci and micrococci« They found that almost 90 per 
cent of the coagulase positive group were also positive for 
hyaluronidase, as demonstrated by the mucin clot prevention 


test. Most of the deficient organisms were isolated from 


“normal carrier sites or apparently healthy wounds-e Of 160 


coagulase negative strains none produced hyaluronidase. 


In order to obtain some idea of when the enzyme was pro- 


| dueed, and of its stability in the medium at 37C, the following 


was done: ! 


One 100 ml portion of medium was inoculated with the 


|L strain, as previously described. At 48, 96 and 144 hours, | 


after inoculation 5 ml samples were withdrawn, centrifuged and 


the supernatant assayed for hyaluronidase. Results were as 


follows: | 
48 hour sample-39 TRU/ml 
96 hour sample - 45 TRU/ml | 
144 hour sample - 75 TRU/ml 


These values are only approximations due to the fact that 


complete removal of the bacteria from the supernatant was not 
possible, causing a slight cloudiness not desirable when a 
spectrophotometric method is used. 


It is of interest to note that at the end of one week 6 


separate portions of medium inoculated with equal amounts of 


an apparently homogenous suspension of the seed cultures, and 
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grown under the same Dolib id sien sometimes show wide variations 
in their hyaluronidase content, as determined qualitatively. 
The reason is difficult to explain.e Possibly it could be due 
to mutant forms that outgrow the smooth forms. 

At one point in the investigation the stock L strain 


roughened. Coagulase production was negligible and no 


hyaluronidase was demonstrated. Conversion to the smooth form 


| with simultaneous satisfactory production of coagulase and 


_hyaluronidase was accomplished by growing the organism in blood 


broth for a week, transfers being made every 24: hourse It is 


of interest that Duran-Reynals (17) reported that extracts of 


} 
1} 


was used with the hope that it would provide an answer. 


S- aureus typical R variants with rough colonies showed no 


| spreading factor. 


Assays of the L supernatant made immediately before and 


after filtration show that passage through a #6 Mandler filter 


produces no change in enzyme activity. 
Duran-Reynals (18) recommended extraction with 10 ml of ] 


| 
water of a 24 hour agar slant of a staphylococcus, subsequent 


| removal of the bacteria present and the determination of spread- 


ing factor present in this extract. Haas (26) mentioned that 
hyaluronidase appears in the culture medium during growth of 
the staphylococcus and that it remains in the solution when the 
organisms are removed by centrifugation. These references | 
raised the question of whether there is any intracellular 


hyaluronidase in the staphylococcus and the following procedure | 
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The sediment obtained from the centrifugate of an L culture 
whose supernatant showed the presence of hyaluronidase was 
drained of the supernatant as completely as possible, washed 
with saline solution at 5C and centrifuged at 5C for 350 minutes. 
The supernatant was discarded and the process repeated. The 
bacterial sediment was resuspended in approximately 15 times 
its volume of water, covered with an excess of toluene and 
incubated at 37C for 48 hours.e fThe preparation was then 
| centrifuged at 5C for 45 minutes, the supernatant autolysate 
| pipetted from beneath the toluene and passed through a Mandler 


| #6 filter. 1 ml of the filtrate was diluted with 4 ml of 


| Oel M acetate, pH 6-0 containing 0-15 M NaCl, and the mixture 


assayede No hyaluronidase was presente 


The above results appear to indicate that, within the 


limitations of the assay used, there is no intracellular 


hyaluronidase in the staphylococcus. 


4. Attempted Partial Purification of Hyaluronidase | 


The literature contains few references to purification | 
| methods for bacterial hyaluronidase. Meyer (60) reported on | 
the precipitation of pneumococcic hyaluronidase by sodium 
flavianate. Rogers (69) obtained highly active and purified 


preparations of streptococcal and staphylococcal hyaluronidase. | 


e@ | The bacterial culture media was mixed with kieselguhr and 
filtered through paper. It was then dialysed against tap water. 


for twenty four hours in the presence of toluenee After 


adjustment of the dialysate to pH 5-6 Fe (OH)z precipitation 
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Sas employed. After centrifugation in a Sharples supercentri- 
hrace the precipitate was eluted with 0.2 M NaoCoz, as many as 
five elutions sometimes being necessary. This procedure gives 
a 20-50 per cent yield. 

Because ar ite relative convenience Meyers' method was 


attempted in the present study. The bacterial filtrate was 


adjusted to pH 3-7 with 1N H5S0 4 and centrifuged in the cold 
after one hour at 8C. For each 20 ml of supernatant 1 ml of 


| 4 per cent sodium flavianate (Naphthol Yellow S) was added. 


A yellow precepitate immediately resulted. After centrifugation 
| thts precipitate was suspended in water and .Ol N Na OH added 
| drop by drop until solution was just complete. Reprecipitation 
and resolution were twice repeated. Subsequent assay showed 
very slight activity: 
Crude Filtrate Flavianate Preparation 

16.2 TRU/mg Nitrogen 5-0 TRU/mg Nitrogen 

Possibly this low value can be attributed to denaturation 
of the enzyme by -Ol N NaOH and to inadequate control of ionic 
| concentration. However, assay of the flavianate supernatant 
| showed hyaluronidase present and assay of the pH 3.7 precipi- 
| tate showed considerable activity. In view of the latter find-. 
_ing isoelectric precipitation was attempted, using the follow- 
ing procedure. 
dl | ' Each of six 20 ml portions of a filtrate obtained from a 

| six day culture of the L strain was adjusted to a desired pH | 


by the addition of 1N HS04° The pH values were determined by 
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the glass electrode. The pH of the filtrate before any addition 
of acid was 7-8. The first 20 ml portion was taken to pH 5-5, 
the second to pH 5-0,the third to pH 4-5, the fourth to pH 4.0, 
y | the fifth to pH 3-5 and the sixth to pH 3-0- All portions were 
set aside at 8C for one hour and centrifuged in the cold for 
fifteen minutes. The supernatant obtained was clear. Each 
sediment was drained of its supernatant and dissolved in 20 ml 
of NajCoz solution, pH 7-8. This was made by adjusting the pH 
of 0-1 M NagCoz with 0.5 M acetic acid until the pH meter 
registered 7.8. The pH of each sediment was checked by the 
|glass electrode and adjusted to 7-8 with a drop of 0-5 M acetic 
acid when necessary- The dissolved sediments were assayed 


quantitatively, the supernatant qualitatively. To rule out the 


| possibility that apparent turbidity reduction of the supernatant 
| might be in reality a failure to produce turbidity, caused by 
increased ionic strength and an unfavorable pH, an: equal amount 
of unincubated supernatant was tested. This method showed 

| turbidity development comparable to that of the upper blank, 
described under Assay- Thus it is assumed that turbidity 
reduction, if present, is due to enzyme action. Nitrogen 
present in the dissolved sediments was determined by the micro-_ 


‘Kjeldahl digestion method of Wong, followed by Koch-McMeekin 


‘Nesslerization. The results obtained follow: 


| 
| | 

+ | | | 
\ 


‘lt? Peet Cave 
test of 
Supernatant 
Enzyme Nitrogen | Ratio 1-10 
| pH | Units/ml | mg/ml units/m§- nitrogen Dilution 
| 7.8-original 
filtrate | 106 26 41 5 plus 
5.5-sediment | N«SeQ- (0.002) | -- 5 plus 
5-O-sediment 204 004 600 5 plus 
| 4-5=-sediment ) Sak e069 45 5 plus 
4.0-sediment | 10 -067 149 3 plus 
3-5-sediment ) LE -078 141 5 plus 


5-O-sediment } 55 e132 265 5 plus 


These data indicate the necessity of a quantitative study 
of the supernatant portions, using adequate pH and ionic controls 
The fact that an enzyme which is active at pH 7-8 does not show 
more complete precipitation at pH 5-0 seems somewhat unusual 
and suggests the possibility of the existence of more than one 
|enzyme- This postulation has been made by Rogers. (69). 

Isoelectric precipitation appears to be one means of 
concentrating the enzymee It is likely that better preparations 
could be obtained by: 

(1) Repeated thorough washing with water before the 


sediment is dissolved in the NasCog solution. 


(2) Dialysis of the dissolved sediment against tap 


wi SOR a 


i 


water. 

(3) Use of alcohol or dioxane to reduce solubility. 
| Subsequent lyophilization and preservation in a deep freeze 
‘should reduce deterioration. The dried material thus prepared 


‘should readily dissolve in pH 6-0 acetate-chloride buffer when 


it is required for assay. 


|xrz FINDINGS AND CONCLUSIONS 

| Using a turbidimetric method for assay it has been 
luasteaved that -- 

(1) Some strains of S- Aureus produce hyaluronidase 


when they are grown in a modified tryptic digest medium, under 


the usual conditions necessary for bacterial growth. 
(2) The hyaluronidase - positive L strain shows 
|repeatedly that no intracellular enzyme is present. 


(3) The R mutant form of the hyaluronidase - positive | 


'L strain fails to produce hyaluronidase. Duran-Reynals (17) 


‘reported a similar observation in staphylococcal strains that 
had roughened. 

(4) The hyaluronidase present in a bacterial filtrate 
of the L strain, at pH 7-8, can be concentrated and purified 


to some extent by means of partial precipitation at pH 3.0. 


These findings appear to justify the following conclusions: 


(1) The turbidimetric method of assay is satisfactory 


for the demonstration of the presence or absence of staphylo- 


coccal hyaluronidase in modified tryptic digest medium. 


= Sy = 


e 


(2) There is a possibility of the existence of more 
than one staphylococcal hyaluronidase.e This is in accord with 


the view of Rogers (69). 


52 


- $3 - 


IV BIBLIOGRAPHY 


1,.- Anson, Me Le, and Mirsky, A- E- 1934 The Equilibria 

@s | between Native and Denatured Hemoglobin in Salicylate 

Solutions and the Theoretical Consequences of the 

| Equilibrium between Native and Denatured Protein. 

| Je Gene Physiol-, 17, 3599. 

| 2 - Bawden, FeCe, and Pirie, NeW. 1940 Effects of Alkali and 
Some Simple Organic Substances on Three Plant Viruses. 
Biochem. J-, 54, 1278. 

5 - Bergenstal, D-M-, and Scott, W.W. 1948 Studies on Hyalu- 


ronidasee. JeA-eMeA-, 157, 17. 


4 - Best, ReJ- 1946 The Rate of Inactivation of Tobacco Mosaic | 
Virus by Potassium Salicylate. Australian J. Exper. | 
Biol. & M- Sce, 24, 27. 

| S=- Boyland, E-, and McClean, FP. 1935 A Factor in Malignant 

| Tissues which Increases the Permeability of the 

Dermis. J. Path. & Bact., 41, 553 

6 =- Chain, K-, and Duthie, E-S. 1959 Mucolytic Enzyme in 
Testis Extracts. Nature, 144, 977. 

7 - Chambers, R-, and Zweifach, B-W- 1948 The Action of 
Hyaluronidase on Ritracediulier Structures. N-Y- Acad. 
of Sciences, Dec. 

8 = Coman, D-e, McCutcheon, M-, and Zeidman, I. 1947 Failure of 


Hyaluronidase to Increase the Invasiveness of 


Neoplasms. Cancer Research, 7, 385. 


oe 7 beCl —- «hk g¢Xorii Bag ged: «Mi .noeae ~ i 


- “ c e = ws S — 
osfzomor bensetaned bare svideh neswied ‘ S&S 


sorevose fssivenosd? secd big eaeigv ies 

yy 

—ilagos  Besstened boas evitall peewdod /mMipiot eo ; 
60S . VI ..fotervdd whem at . 

F to : AT Wey -elrtd bas nein | ,iebwsed ad $ i 


-ReBuTIV gaelZ eendl! no seonsdedve ostnasxO slams emee 
5S «ot ~medoote | 

-slevi no eelopgé Ghel .WeW ~tvocd Sam , «Med {taceseaves =1% 

“VL .VEl . AMAL -eeebinor © . 

olg2e0M oopegdoT to nolisviicsol to tak add, Shel suk eee oe te 


eteqx" .t nealfestasA -odelyotle&® meleeeiot yo Bxaty 3 ‘ , 


VS (28 t iad «ih 5 - foie ; ; is 


Jasrs ile uo} totoet A CéCL .4,..na0lGoM bas, vee) bie kyen, Sees 

eds to. ysifidaemrsi eft zeagstenl aaa seutie dt 

; Ses .f} .opa 2 fd Ba + velutted 
fii yaae oligicoum €seL -.&.2 ee 

VTE” BOL cru alt on = jeer’ 


a 
‘Baoa Yell Sent ae aslui Lene xa 


: to noftsca oft Gael Wea 


a? oe 


Te - Dorfman, A-, Ratan way EeJe, and Ott, M-eLe 1947 Action of 
Sodium Salicylate on Hyaluronidase. Prod. Soc. Exper. 
Biol. & Med., 64, 357. 

“lo - Dorfman, A-, Ott, M-Le, and Whitney, R- 1948 The Hyalu- 

| ronidase Inhibitor of Human Blood. J- Biole- Chem-, 

174, 621. 
ll - Dorfman, Ae 1948 Inhibition Effect of Blood Serum on 

Hyaluronidase.- N.YeAcad. of Sciences, Dec. 

12 - Dorfman, A- 1948 Discussion Period. N.Y Acad. of Sciences, 

| Dec. | 

(13 - Dorfman, A-, and Ott, M-L. 1948 Turbidimetric Method for | 


Assay of Hyaluronidase.e J- Biol. Chem-, 172, 367. 


|14 - Dorfman, A-e 1948 Kinetics of the Enzymatic Hydrolysis of | 
Hyaluronic Acid. J. Biol. Cheme, 7a ¢ O77 | 
15 - Duran-Reynals, F. 1928 Exaltation de L'Activite du Virue | 


Vaccinal par Les Entraits de Certains Organes. Compt. 


| rend. Soc. de biol.-, 99, 6. 
16 - Duran-Reynals, Fe, and Stewart, Fe W.e 1931 Action of Tuma 
( Extracts on Spread of Experimental Vaccinia of 


Rabbits Am. J» Cancer, 15, 2790. 


17 - Duran-Reynals, Fe 19353 Studies of a Certain Spreading 


Factor Existing in Bacteria and its Significance for 


. Bacterial Invasiveness- J. Exper. Med-, 58, 161. 
@ | 18 - Duran-Reynals, F. 1959 A Spreading Factor in Certain Skin 


Venoms and its Relation to their Mode of Action. 


Je Exper. Mede, 69, 69-6 


waltsA VROD ads ,tuO: Dip. give feat es 5 t eth he 
xa «506 .bost seesebinowfevh: covet st yenuees nO IBGE. 


SEG (36°, <Bsk Ss «tote. 


"WL! : . Pol a: ¢ {é a0) ai iv AS e Lem eta Paw: eflen trod im Ort 


,-mend) -tofd. . «Seels meme To tod fd iamieeeoeees 
efSS5 £71 ; 


uxe2 boola to Joottt sol@ididal Shel. Abate es 2a 


_ os ge . vy ~ in *@ a 7, 
980 ,eeonelfoe to «heck «7 » .6eebinotmrier 


* FeDKE i 52 Lo es BOA an 6) «520 f TS £10 i Ze og Id S5het ia ¢femited, 


* e930 


tot bodtoeiM olatenibidaw?h &2°D «DeM. .330 Bne |-A ghemited -rce | 


«VG .SVI,-mend -fof «3 «essbinowilsyd 70) yeeen 


to elegiorhyt olfsmysnd ont) 30 estan 6gel - A+ namiaed 


Vic Ay! t emento . fo lé oS eALISA’ odsonc Lay 


eurtY ub etivitoA'd eb cottedtax® esel’.t w2lempei-danid - ef | : 


etgmod .&ensg40, eaqtatie? ab eitatial eed weg fenioosy 


-3 <a «told 65 «2a sige ; 
mms 16 HoltoA “Ltel .W.¥ ineweta baa ey | 7 


‘to einfoosy latnomizeqxe ‘to, bavrige 
7) 


-0G7S: el a 3 


gnibperqe atette0 8 om 
—_ 
wt Sonne ee ett f 
ae 


t 
t9. 
on: 


DP 


- $5 - 


| 19 - Favilli, Ge. 1940 rey Effect of Several Diffusing 
Agents and of Diazotized Compound. Nature, 145, 866, 
20 =- Fekete, E-, and Duran-Reynals, F. 1943 Hyaluronidase in 
| Fertilization of Mammalian Ova. Proc. Soc.e Exper. 
Biol. & Med., 52, 119. 
| 21 - Frious, J-G 1948 Inhibition of Streptococcal Hyaluron- 
| dase by Human Serae N-Ye Acad. of Sciences, Dec. 
22 - Guerra, Fe, and Robles, Gil J. 1946 Estudios Sobre peviat-| 
ismo; La Tony on de La Hialuronidasa por el 
Salicilato de Sodio en Indiciduos Normales. Arch. 
Inst. Cardiol. Mexico, 16, 293. | 
235 - Guerra, F. 1946 Estudios Sobre Reumatismo; La Interacciéon 
del Salicilato de Sodio y la Sulfadiazina Sobre la 
Hialuronidasa en el Conejo-e Arch. Inst. Cardiol. 
| Mexico, 16, l. 
24 =- Guerra, F. 1946 Hyaluronidase Inhibition by Sodium Sali- 
cylate in Rheumatic Fever. Science, 103, 686. 
| 25 = Guerra, F. 1946 Action of Sodium Salicylate and Sulfadi- 
azine on Hyaluronidase.e J- Pharmacole & Exper. 
Therap-, 87, 195. 
26 - Haas, E- 1946 On the Mechanism of Invasion I. Je Biol. 


Cheme, 165, 63. 


27 - Haas, Ee 1946 On the Mechanism of Invasion II. J. Biol. 


Chem., 163, 89. 


28 = Haas, Ee 1946 On the Mechanism of Invasion III. J- Biol. 


Chem. 3 163, 101. 


“ ow 
. 
rhs 
+ Mh 
” e 
’ 
7 a 
. Ly ree re i 
. YD 
° . . - ; : 
. . 2* 
J 
« ~ , . ~ + ie 
we . L. t a 
\ 
: - : 
; + ; 
L . a 
i 
. * ~WG 2e ¢ 
’ 
7 . » : © he 
7 7 P 
_ “ ‘J 
2 
} : : 
a: 2 Vie Lm : f . a LiL OS 


-I{s& mutbos oltidinnl sasbtcouleys eself .o nda pe 


+ ‘ ool, 1 +-teved olbsaemvogn ale ote YE, ee: : 


: -fbalive bi eilyoileé miibee to aoljyon 6288 TE ry 


i ea eel 
 T60RH -LonamitsiT «4 eeeabt: om Lay ro chtsa, 


; COL «3S gered * 
ys 5 as ae 
elofi .& .I solssval to matuadost- ends a0. —- 

i 


7 
¥ 
om 
28 


138. Sak oe ts iD 
+lola + -ll notsaval Yo méicogssaell end) amy axe 


noiesvial to 


29 = 


i 50 _ 


oe = 


54 = 


— 


Hadidian, Z-, and Pirie, NeW. 1948 Effects of Serum and 
of Hyaluronic Acid Derivatives on the Action of 
Hyaluronidase- Biochem. J+, 42, 266. 

Hadidian, Z- 1948 Inhibition of Hyaluronidase by Serum. 
NeY¥Ye Acade of Sciences, Dec. 

Hahn, L- 1944 Hydrolysis of Hyaluronic Acid by the Muco- 
polysaccharidase of Leeches and of Clostridium 
Perfringens.e (in German) Abstract only Available. 
Ark. Kemi. Mineral 0- Geol-, 19A, H3- 

Hechter, O- 1947 Studies on Spreading Factorse J- Exper. 
Med-, 85, 77+ 

Hobby, Ge, Dawson, MeHe, Meyer, Ke, and Chaffee, E- 1941 
Tha Holattonekis between Spreading Factor and 
Hyaluronidase.- J- Exper. Med», 73, 109- 

Holden, H-eF.e 1937 The Denaturation of Hemoglobin. 
Australian J- Exper. Biol. & M- Sc-, 15, 435. 

Humphrey, Je 1943 A New Biological Assay of Diffusing 
Factor in Guinea Pigs. Biochem. J-, 37, 177. 


Humphrey, J-eH- 1946 Studies on Diffusing Factors. The 


Kinectics of the Action on Hyaluronidase from Various 


Sources upon Hyaluronic Acid, with a Note upon 
Anomalies Encountered in the Estimation of N-Acetyl 


Glucosamine- Biochem. J-, 40, 435. 


Kass, EeH-, and Seastone, C-V- 1944 The Role of the Mucoid 
Polysaccharide (Hyaluronic Acid) in the Virulence of 


Group A Hemolytic Streptococci. J. Exper. Med., 79,519 


a hae 


= 


58 


39 


40 


41 


42 


43 


44 


45 


Kendali, F.E.; ata ipebdie>s Me, and Diane eieehiese Welt 1937 
A Serologically Inactive Polysaccharide Elaborated 
by Mucoid Strains of Group A Hemolytic Streptococcus. 
J. Biol. Chem., 118, 61. 
Kirby, CeHe, Looby, J-P-, and Ekenhoff, J.-E. 1948 The 
Use of Hyaluronidase with Local Anesthetic Agents in 
Surgery and Dentistry. N-Y- Acad. of Sciences, Dec. 
Kurzrok, R- 1948 Value of Hyaluronidase in the Treatment 
of Human Fertility. N-Y- Acad. of Sciences, Dec. 
Leonard, S-L-, Perlman, P-L-, and Kurzrok, R- 1946 A 
Turbidimetric Method for Determining Hyaluronidase 
in Semen and Tissue Extracts. Endocrinology. 39, 261. 
Lowenthal, J-, and Gagnon, A- 1948 Inhibition of Hyalu- 
ronidase by Sodium Salicylate and its Possible 
Metabolities- Canad. J- Research, 26E, 200. 
Madinaveitia, J- 1938 Studies on Diffusing Factors. 
Active Preparations from Mammalian Testicle and theit 
Biological Assay- Biochem. J-, 32, 1806. 
Madinaveitia, J-, and Quibell, T.H.H. 1940 Studies on 


Diffusing Factors.e The Action of Testicular Extracts 


; 


on the Viscosity of Vitreous Humour Preparations. 
Biochem. J+, 54, 625. 
Madinaveitia, J-, and Quibell, T.H.-H- 1941 The Reduction 
of the Viscosity of Vitreous Humour Preparations 


by Ascorbic Acid and Some Diazo Compounds. 


Biochem. Jey 55, 453. 


- $7 = 


46 


47 


48 


_ 50 
| OL 


52 


53 


54 


55 


McClean, D- 1930 Influence of Testicular Extract on Dermal 
Permeability and the Response to Vaccine Virus. 

Je Path. & Bact.-, 55, 1045. 

McClean, D- 1931 Further Observations on Testicular 
Extract and its Effect dpie Miwa uc Permeability. 

J- Path. & Bacte, 54, 459. 

McClean, D- 1936 A Factor in Culture Filtrates of Certain 
Pathogenic Bacteria which Increases Permeability 
of the Tissuese J- Path. & Bact., 42, 477. 

MeClean, D. and Hale, C.W., 1941 The Hyaluronidase Activity 
of Testicular Extracts, Bacterial Culture Filtrates | 
and Other Agents that Increase Tissue Permeability. 
Biochem. J-, 35, 159. 


McClean, D- 1942 The In-Vivo Decapsulation of Streptococci 


by Hyaluronidase. J- Pathe & Bacte, 54, 284. 
McClean, D-, and Rowlands, I.W. 1942 Hyaluronidase in 
Fertilization. Nature, 150, 627. 
MeClean, D- and Rogers, H.-J. 1943 Early Diagnosis of 


Wound Infection, with Special Reference to Mixed 


Infections.e Lancet. 1, 707. 

McClean, D- 1945 Studies on Diffusing Factors. Biochem. 
Jey 57, 169. 

MeClean, D- 1944 The Capsulation of Streptococci and its 
Relation to Diffusion Factor (Hyaluronidase.) 
Je Path. & Bact, 55, 15. 


Meyer, Ke, and Palmer, J.W- 1934 Polysaccharide of the 


Vitreous Humor. J. Biol. Chem., 107, 629. 


4 


sla CTT he ee ee ed ~~ er erg tt Pe ee Se eS a a =. eo ile ies Bl ~~ © ee Ue et ae 


fawted no toast selyolteel, to, somemlitat oven A vise EOal Ps) 
milodaV of senoqgsen  erid hers WE idaauebt | of 


-ChOL .SG fadoad 8 ead ont 


} i @ 
ralvottes! oo enoltseviesdO teiiqeet LOCD .g vee loom jan ae — 


-yiilidgemred eveell coqy JoelIe. es} Sia woes 


‘CBS <bO eet OB Bettas 2G 
iigiwed to esdett lit -eud [yo of wodoet A ooen ie eiipe loam,’ =| BF 
edt Liceomred seegeionl dnoidw sirejorsd wingsonseds 
-VYS .Sh ..o8g 2 «ATBI Lb veevest? ene fo 
yrivicoA eesbinotwlayH edt Lael ..W.o (ete Boe .@ saaeloen = eet 


cohartli® exiting Later ose es 283TH males Leet ‘to 
-tiilidaouies etsaell? sdastontl tans etnesa xedto bas a 
ef BS! CVialetsone | 
foodsos gaase I6 no ta lueqeood a gale soe l50M = o ie 
NOS «HE. 1SRR 4 OAT |» -sepbtnomuLeyh ed a mi ae 
mt oesotnomwlay) gee f el cba kwon bie preening a if ; 
~ 82 {OEE erma > ame 
to, ateongatd ea epee sail “setesn ha 


| 62 


65 


57 


| 58 


59 


60 


61 


64 


65 


Meyer, K-, and Palmer, J-We- 1936 The Polysaccharides of 
Vitreous Humor and of Umbilical Cord. J. Biol. 
Chem-, 114, 689. 

Meyer, Ke, and Palmer, J- 1936 On the Nature of Ocular 
Fluids. Am. J- Ophth-, 19, 859. 

Meyer, Ke, Dubos, R-, and Smyth, E-M- 1937 The Hydrolysis) 
of the Polysaccharide Acids of Vitreous Humor of 
Umbilical Cord, and of Streptococcus by the Autolytic 
Enzyme of Pneumococcus- J- Biol. Chem-, 118, 71. 

Meyer, Ke, Smyth, E-M., and Dawson, M-H- 1939 The 
Isolation of A Mucopolysaccharide from Synovial 
Fluid. J- Biol. Chem-, 128, 319. 


Meyer, K.,Hobby, G-, Chaffee, E- and Dawson, M-H-e, 1940.The! 


Hydrolysis of Bacterial Enzymes. J. Exper.Med. 71,137. 


Meyer, Ke 1947 The Biological Significance of Hyaluronic 
Acid and Hyaluronidase- Physiol. Rev., 27, 335. 


Meyers, Ke 1948 The Action of Hyaluronidase on Hyalu- 


ronic Acide N-Y- Acad. of Sciences, Dec. 

Narins, L-, Simon, N-, and Oppenheimer, GD. 1948 Effect 
of Hyaluronidase on Urinary Calculi.e J. Mte Sinai 
Hosp-, 15, 33. 

Pike, ReM- 1947 Failure of Sodium Salicylate to Inhibit 
Hyaluronidase In Vitro. Science, 105, 3591. 

Ragan, Ce, and Meyer, Ke 1948 Hyaluronidase and the 


Rheumatic Diseases.- N-Ye Acad. of Sciences, Dec. 


- 39 - 


f, ws 
k 
. * s 
- * ‘7 
* 
— * 
. e * . . 
. . * ** 
J Ps 
- e - « ‘ « J 
. . ) 4 *? ° 
a .* . J 
P 
+ a. - - : : e* 
| ‘ f 
1 . . . . ~ Ad . A 
uh uJ © 
’ 
e \ a) 
ry TY : aU 
Fi) 
° & 
- ‘ ] 
F ' vi »*] 
a“ ys e) a é « = A . ~ ‘ a 
f 
<u 1 one LLS OIJ9A @ 
& . 
. ~-2Oe90aivc J eJIETA « Lo¥ 


5 
soeltd SCL .0.5 4«aemferineggG bas df ~aomiGae ace 


; : : : eee ee, 
tanté..-3:% -'ivole> ¥taenii co eashbiacuiiegh fo 

ip é°< A 
; F, - [ig - > 
r TAS Sie, -gegt | : 
pier so a, 
Jidglinl ot etefyotisd miboee To ost aD Taek 


= es 


ond t¥erd Ssubinot 


Ver. 


“DSOA stoi -sceaseag om 


ons oboe ceablaowt ey epee oa PRE 
s vs - ra 


9067 ysenaeiocg to 


- 40 - 


66 = Robertson, We Van B-, Ropes, M-, and Bauer, We 1940 
Mucinases A Bacterial Enzyme which Hydrolyzes 
Synovial Fluid Mucin and Other Mucinse J. Biol. 
Cheme, 133, 261. 
67 = Robertson, W-Be, Ropes, MeW-, and Bauer, We 1941 The 
Degradation of Mucins and Polysaccharides by Ascorbi¢ 
Acid and Hydrogen Peroxide. Biochem., J-, 35, 9035. 
| 68 = Rogers, HeJe 1945 Complexity of the Hyaluronidases 
| Produced by Microorganisms. Biochem. J-, 59,435. | 
| 69 = Rogers, HeJe 1948 Complexity of the Hyaluronidases Pro- | 
| duced by Microorganisms. Biochem. J+, 42, 6335. 
|70 = Rowlands, I.W.- 1944 Capacity of Hyaluronidase to In- 
crease the Fertilizing Power of Sperm. Nature 154,532. 
71 - Sallman, B-, and Birkeland, J.-M. 1948 Hyaluronidase in | 
Hemolytic Infection. N-Y- Acad. of Sciences, Dec. | 
72 - Schwabacher, He, Cunliffe, A-C-, Williams, R-E-0O-, and 
Harper, GeJe- 1945 Hyaluronidase Production by 
Staphylococci. Brit. J- Exper. Path., 26, 124. 
| 73 =- Seastone, CeV- 1959 The Virulence of Group C Hemolytic 
Streptococci of Animal Origine J. Exper.Med., 70,561¢ 
74 - Simpson, W-L-, and Gopal-Ayengar, A-R. 1947 Amer. Assoce 
for Cancer Research, Scientific Proceedings. 


Hyaluronidase and the Growth of Malignant Epithelial 


2 Tumors. Cancer Research, 7, 727. 
| 75 - Stewart, F.W-, and Duran-Reynals, F. 1929 A Study of the 


Generalization of Vaccine Virus from Enhanced Skin 
J« Exper. Med., 50, 341. 


Lesions. 


= 


J “a 
ae 
BS 
die eieT et Bie i mp ot * oe heck 7 
eauvltahe es Ooldw ontyanh Le riejoes Al) yo ear wou 
i i he bre CRY nite ss i 4) 
ed, : F pe rangO bop’ a fy 5 Pre EY fg tvonge ty 
‘ Aka 
i 


SSL .. Med | 


i 
ae 
oD . 


e . CLPeicz ILL . at lea ; ee vm) ATi ¢ocds H foestiSsdGor 
'nedvoseyvilod bre entoul To foitsparaed q 
o Ge eOS’ eel gvitadoo te -oh Lxovel nexsotbye bas Bion Wi, 


gsoeriSinowlseyl. eit te ve fxeLamod gsel «GeH ,2reHoHn 


& 
i «= sat 
L? 


GES, CE ob .medseta ~.ametasstoorsly yd) Pedtipgas 


“O77 esusbinotiri: ¥ 6 aie’ qv rx alg ig pet « bie EL <a tesok 


: 
2 


‘ 
°566 ~Sh ..% smerlooltd .«smetadescoovolN ve peor, b 


£ 
a 
=4. 


-xl oc szpbinoxyleyH Yo yi logaqsD DCE www eoneawon 


SSé bo. ,aminalt «mreqé to tewol aalsii tives ery sasesp 


sti desbruorsiaw SACL «MeL , ora Lana ig. bas are: | tanlieg 3 


_ ‘ = 
Be 
T= 


eC ,e0e0netls’ to «<Baok eY.d)  snoksosiat FR Tel ah 
Drie. »-0-8-H ~amallliwW . 0-4 getittaus 8 re =e tif 
yd soltovboxrd eashbtoomleya cael cid iia : 
“PSL 3S ¢ulteT +teqn® 4G adr been 


oltylomel 9 quote 46 gone lorly ect as oe 
7) 


«Fas, ov « hek-t9gx «%, -Adats0 Baie 


* »doBe,. «Tema VERDE + Heaiett 


ey te 


76 = Swyer, G-I-M.- 1948 Failure of In Vitro Inhibition of 
Hyaluronidase by Salicylates. Biochem- J-, 42, 3 
2 77 - Warren, G-H-e, Durso, J-G, and Levin, NeRe 1948 A 
Modified Turbidimetric Method for the Assay of 
Hyaluronidase.- Endocrinology, 43, 48- 
78 - Werthessen, N-T-, Berman S-, Greenberg, B-E-, and Gargill, 
SeLe 1945 A Technique for the Assay of Hyaluroni- 


dase in Human Semen and its Correlation with the 


Sperm Concentration- J. Urol-, 54, 565. 


GS 


i a74¢ - ; T Ou Ot C 2. *e ea ,O8 gi «th ehantewW my VV 
© 


een bh toons Le git 
a] we: OR) “OGP* . ae * ts : 742 ees csi te eal ars ieee Sis way see Sy 
“lao Ly G YRaeesA sit tag eupimiosl A . chet “aieo 
ii feaioD &, iz oeheg tenee as e esi 


“GSC .t¢ ee O90 «bl — «GO LI REI Meenoo. amegEe 


Fayita 


ay a 


V_ ABSTRACT OF THE THESIS 

A review of the literature pertaining to hyaluronidase 
in general is presented, the references to staphylococcal 
hyaluronidase in particular being too few to provide an 
_ adequate background for this study- The method of culture of 
the staphylococcus and the preparation of a sterile filtrate 
| satisfactory for hyaluronidase assay are described. The details 
of the measurement of hyaluronidase, based on the principle of 
| turbidimetry, are given. The quantitative method used is that 


| recommended by the Schering Corporation. The qualitative 


method was devised during the present investigation as a 


screening process, when a limited supply of potassium 


| hyaluronate had to be considered- The results of the quantita- 
| tive assay of four strains of S- aureus, grown under specified | 
conditions, and the results of the qualitative assay of eleven | 
strains of S- aureus, grown under specified conditions, are 
reported. An experiment designed to prove or disprove the | 
existence of intracellular staphylococcal hyaluronidase is 


described and the result reported. The attempted partial 


_ purification of the enzyme by two precipitation methods is 


reported, the ratio turbidity reducing units being used as an 
mg nitrogen 


index of the efficacy of each precipitation. The results 


obtained are reported and their implications noted. 
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